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The type III secretion system-dependent epithelial invasion and dissemination of Shigella is stimulated by
ATP released through hemichannels. Romero et al. (2011) show that prior to epithelial contact, Shigella is
captured by nanometer-thinmicropodial extensions at a distance from the cell surface, in a process involving
ATP and connexin-mediated signaling.Shigellosis is an endemic diarrheal dis-
ease that causes approximately 1 million
deaths globally every year. Shigella spp.
show high specificity for humans and
are transmitted by the fecal-oral route,
entering the human body via the ingestion
of contaminated food or water. This path-
ogen is highly infectious since as few as
10 to 100 microorganisms are sufficient
to cause disease.
Epithelial cells of the colonic mucosa
are the primary targets of Shigella, and
a key step in the pathogenesis of Shigella
infection is invasion of the colonic epithe-
lium. Following invasion, the bacteria
break free in the cell cytosol, replicate
intracellularly, and using actin-based
motility can disseminate from cell to cell
without extracellular steps (Ray et al.,
2009). Central for its virulence, Shigella
expresses a type III secretion system
(T3SS) that is responsible for the delivery
of a series of bacterial effectors into host
cells aimed to divert host cellular pro-
cesses, the net result of which is to direct
bacterial colonization and dissemination
within the mucosal epithelium, as well as
to control the host inflammatory response
(Parsot, 2009). Although much is known
regarding the cellular basis of how
Shigella invades the colonic epithelium,
understanding of the molecular mecha-
nisms underlying this infectious disease
remains, by comparison, largely incom-
plete. Prior studies investigating the mo-
lecular details of how Shigella invades
colonic epithelial cells revealed a role for
intercellular signaling mediated by Con-
nexins (Cxs) (Tran Van Nhieu et al., 2003).
Cxs are a family of structurally related
transmembrane proteins that assemble
to form gap junctions. These proteins
are assembled in groups of six to form
hemichannels, or connexons, and twohemichannels then combine to form a
gap junction. In this fashion, pairs of con-
nexons from adjacent cells create an
open channel, which forms the basis of a
gap intercellular junctional communica-
tion (GIJC) complex through which the
diffusion of second messengers, such as
Ins (1, 4, 5)P3, can occur (Spray et al.,
2006). Conversely, Cx hexamers can
form constitutively closed hemichanels
at the plasmamembrane. These channels
only open under certain stimuli and lead
to the release of ATP or NAD in the extra-
cellular medium (Spray et al., 2006).
During cell invasion, Shigella induces
the opening of Cx26 hemichannels in an
actin- and phospholipase-C-dependent
manner, which releases ATP into the
medium. The released ATP, in turn, facili-
tates bacterial invasion and intercellular
spreading (Tran Van Nhieu et al., 2003).
Upon investigating the molecular basis
by which ATP and Cx-mediated signaling
stimulate bacterial invasion and dissemi-
nation, Romero et al. (2011) have now
discovered that during the early steps of
Shigella invasion, prior to contact with
the main cell body, the bacteria are
captured by pre-existing filopodial exten-
sions, termed NMEs for nanometer-thin
micropodial extensions. Filopodia are
thin cytoplasmic projections that extend
beyond the leading edge of lamellipodia,
typically in migrating cells. Once the
bacteria are captured by the NMEs, these
structures retract toward the cell body,
engaging bacterial-cell contact and
subsequent engulfment. Although NME-
mediated bacterial capture occurs in non-
communicating cells, this process is
profoundly more efficient in cells capable
of Cx-mediating signaling and is stimu-
lated by extracellular ATP. Thus, Shigella
capture by NME identifies a novel strategyCell Host & Microbof cell invasion that perhaps evolved to
limit exposure on the cell surface in order
to restrict innate immune defense signals
(Figure 1).
The paper describes several interesting
results. First, S. flexneri capture by NMEs
precedes invasion and requires compo-
nents of the T3SS, a critical virulence
determinant of Shigella pathogenesis
(Parsot, 2009). It is well documented that
a T3SS, encoded by a 31 kb fragment of
the S. flexneri large virulence plasmid
(termed the mxi/spa locus), is necessary
and sufficient to trigger entry into epithe-
lial cells. Romero et al. (2011) showed
that bacterial interaction with NMEs was
not observed with a Shigella strain cured
of its virulence plasmid, or a Shigella
mxiD mutant, indicating a functional
T3SS is required for bacterial capture.
Upon cell contact, the T3SS injects
effector proteins directly into eukaryotic
cells through a needle protruding from
the bacterial surface, and host-cell
sensing occurs through a distal needle
‘‘tip complex.’’ The tip complex of quies-
cent needles is composed of IpaD, which
is topped by IpaB. Physical contact with
host cells initiates secretion and leads to
assembly of a pore, formed by IpaB and
IpaC, in the host-cell membrane through
which other virulence effector proteins
may be translocated. IpaB is required for
regulation of secretion and may be the
host cell sensor, whereas the IpaD protein
is required for pore formation (Sani et al.,
2007; Shen et al., 2010). Romero et al.
(2011) further determined that Shigella
capture by NME was inhibited only when
the bacteria were incubated with anti-
bodies directed against the T3SS IpaB
or IpaD tip-complex proteins. These re-
sults indicate that during early stages of
Shigella invasion, the bacteria interacte 9, June 16, 2011 ª2011 Elsevier Inc. 449
Figure 1. Shigella Capture by Host Cells
(A-C) HeLa cells challenged with wild-type Shigella for 15 min. Samples were
fixed and processed for scanning electron microscopy analysis (A and B).
Fourteen-day-old polarized Caco-2/TC-7 cells challenged with invasive
Shigella for 30 min (C). Samples were fixed and processed for immunofluores-
cence staining of F-actin (green) and bacterial LPS (red). Scale bar = 2microns.
Note bacterial capture by filopodia preceding contact with the cell body (A)
and filopodia contacting the bacterium at entry sites, which favor invasion of
multiple bacteria per site (B and C). The images in this figure are courtesy of
Dr. Guy Tran Van Nhieu and colleagues at Colle`ge de France, Paris.
Cell Host & Microbe
Previewswith NMEs through the tip-
complex proteins IpaB and
IpaD.
Second, Romero et al.
(2011) provide evidence to
show that the mechanism
underlying NME retraction re-
quires activation of the ERK1/
2 map kinase pathway. Using
HeLa cell lines deficient in
cell-cell communication in
parallel with Cx tranfectants
(HCx26 HeLa cells) that are
proficient in extracellular
ATP-mediated signaling, the
authors find that bacterial
capture was more efficient in
the Cx-expressing cells and
that such extracellular ATP
signaling induced the activa-
tion of ERK1/2. Further, given
that enhanced ERK1/2 acti-
vation was associated with
the HCx26 cells, the authorsREFERENCEhypothesized that this kinase might play
a role in NME-mediated bacterial capture.
To test this hypothesis, cells were treated
with a MEK inhbitor, U0126, which
prevents ERK activation. The results
showed that U0126-treated cells were
much less able to retract their NMEs
following bacterial capture, implying
retraction of S. flexneri captured by
NMEs requires ERK1/2 activity. Romero
et al. (2011) also determined that ERK1/2
activation controls the rate of actin retro-
grade flow in filopodia, further substanti-
ating the key role of ERK1/2 mediated
actin assembly in the retraction of
NMEs. Filopodia structures contain actin
filaments crosslinked into bundles that
form focal adhesions with the substratum,
linking it to the cell surface. Since ERK1/2
is localized at the base of the filopodia,
Romero et al. (2011) favor the possibility
that ERK1/2 may control the polymeriza-
tion of actin filaments against the plasma
membrane at the base of the NMEs. For
instance, if the NMEs are connected to
the filopodial actin network, one could
imagine that this acts as a gear pulling
the NME toward the cell body.
Lastly, filopodia have been described in
various cell types and have been associ-450 Cell Host & Microbe 9, June 16, 2011 ª2ated with a number of important roles
besides migration, including sensing of
the cell environment, initiation of cell
contacts, and with the transmission of
cell-cell signals. The work by Romero
et al. (2011) emphasizes an emerging
concept thatmicroorganismshaveevolved
the ability to exploit filopodia for their own
advantage during infection. For example,
the intracellular bacteria Ehrlichia has
recently been found to co-opt filopodia
to traffic between cells as a means of
evading the host innate immune system
(Thomas et al., 2010). Additionally, Yersinia
pseudotuberculosis strains that express
thevirulencedeterminant, invasin,bindfilo-
podia at the leading edge of cultured cells
(Younget al., 1992). Thisprocess facilitates
internalization of the bacterium within
the endocytic vacuole. There are also
numerous examples of viral entry strate-
gies that employ filopodia to facilitate
movement toward the cell body (Lehmann
et al., 2005). The report by Romero et al.
(2011) significantly adds to this growing
body of literature as the authors describe
a novel mechanism of bacterial entry. Prior
to contact with the cell body, Shigella is
captured by NMEs at a distance from
the cell surface, but upon bacterial con-011 Elsevier Inc.tact theNMEsretract andbring
the bacteria in contact with the
cell body where invasion
occurs. This finding not only
sheds light on a compelling
bacterial-host interaction, but
also underscores a prominent
role of ERK1/2 signaling in the
control of filopodial dynamics
during the early stages of
Shigella invasion. Whether
capture of microbes by filopo-
dia is a general stealth-like
strategy exploited by other
pathogens remains to be de-
termined but promises to be
a fruitful line of investigation.ACKNOWLEDGMENTS
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